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Functional Identification of a Nuclear Male Sterility Gene MS6
and Creation of New Sterile Germplasms in Soybean
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Abstract: Heterosis utilization is one of the effective ways to significantly increase crop yield, in which the
creation and utilization of sterile lines plays a vital role in the breeding and production of crop hybrids. In contrast
to the traditional hybrid breeding technology, the third generation crop hybrid breeding technology based on the
nuclear male sterility gene has layers of advantages such as safety on seed production, flexibility on bi-parental
combinations, and stability on hybrid fertility. This technology has been widely used in maize, rice and other
crops, and provides a possibility in future use of soybean heterosis. We previously mapped by positional cloning
approach a nucleic male sterility gene MS6 that encodes an R2R3-MYB transcription factor in soybean. In this
study, we deployed CRISPR/Cas9 gene editing technology to design two gene editing targets to knock out the
MS6 gene in soybean variety Williams82. The transgenic plants carrying edited MS6 alleles were subjected for
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phenotype observation, pollen and fertility identification, thus approving the function of this gene in regulating

soybean pollen formation and male fertility. A new ms6 germplasm showing stable male sterility was obtained in

soybean. This provides theoretical and technical support for further establishing the third generation soybean

hybrid breeding technology system based on MS6 gene and realizing the efficient creation of strong heterosis

hybrids.

Key words: soybean;nuclear male sterility; sterile gene; gene editing ; hybrid breeding
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Table 1 Primer sequences in this study
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Pps-GG2-F TTCAGAGGTCTCTCTGACACTGGAATCGGCAGCAAAGG
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[ETIRIES 2y
Non-coding region

327bp 418 bp 456 bp
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Exon Intron

FEHEFOR T e b DR iz
The black box indicates the position of the lower picture in the upper picture
El1 MS6EEFHRBRMAE
Fig.1 Gene structure and target location of MS6
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Fig.2 Pollen detection results of different types of plants
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REFEAT R, LI ESSREW] ADEIH
AT F A Sy BE DY S AL SR AS B MS6 S5 A E

ms-T1
CTTGCCTATGEGTAGCCATC CATG GG

il

msber-1 CTTGCCTATGTAGCCA=TCATGG
MS6 CTTGCCTATGTAGCCAATCATGG
ms-T1

ms6er-2  CTTGCCTATGTA===== TCATGG
MS6 CTTGCCTATGTAGCCAATCATGG

AR KD T ms6er-1 Tl ms6er-2 TN KGEAE
HRPT

ms-12

TATCTAR TTATTX

CCICATG &

GATCTAATTATTAACCT=CATGG

GATCTAATTATTAACCTTCATGG
ms-T2

AT CT TTATTA CCTCAT GG

GATCTAATTATTAACCT-CATGG
GATCTAATTATTAACCTTCATGG

- K ms6er-1.ms6cr-2 5 7RI 7 15
- is the knockout site in the ms6cr-1 ,ms6cr-2 mutant
4 TRERTEFRBERTAS
Fig.4 Base mutation sites of T, generation mutant plants
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MS6 MEIASPLENSLSPSLAFLLLLCLISSLISEMGRP PCCDRSNVRRGLWTPEEDARI LAY VANHGTGNWT LV PREAGLNRCGRSCRLAWTNY LRPDLEHDGFTPQEEDLIINLHGA

ms6 MEIASPLHNSLSPSLAFLLLLCLISSLISEMGRPPCCDRSNVERGLNTPEEDARILAYVANHGTGNWTLVPREA

CGRSCRLRWINYLRPDLEHDGFTPQEEDLIINLHGA

msbcr-1 MEIAS PLENSLSPSLAFLLLLCLISSLISEMGRPPCCD nsnvm&m--rpzgmuu:Langmx.zmaurogxqgnmvvm ______________________________

ms6er-2 MEIASPLENSLSPSLAFLLLLCLISSLISEMGRPPCCDESNVERGLNTPEEDARKILAY

NWELDIGSKESRA-=======m----ceee----eeec—-————————————
Section 2

115 120 130 140 150 160

170 180 190 200 210 228

MS6 IGSRWSLIARRLPGRTDNDVENYWNTELREELMEMGIDPVTHRPVSQVLSDLGSISGLPNTTNCMAFINRDLMMSNMPPTRTEPSDSNRSMVEHTQEGQVHSWEHHIPYQVIIN
msé IGSRWSLIARRLPGRTDNDVENYWNTRLREELMEMGIDPVTHRPVSQVLSDLGSISGLPNTTNQMAF INKDLMMSNMPPTRTEPSDSNRSMVERTQEGQVHSWEHHIPYQVIIN

B
INSHCT=D = o o o

Section 3

229 240 250 260 270

290 300 310 320 330 342

MS6 SENVOPQVLSEAASSTSSSS83SNLTOLGSPOSYSCOTPOAQISPPCSSFDWSEFLHSDSFNWSLNPPSGLMOSEAELSDNTRSNGHDMOGAASEGSGSGSGAVACGASMEYQIN
ms6 SENVQPQVLSEAASSTSSSSSSNLTQLGSPQSYSCQTPQAQISPPCSSFDNSEFLHSDSFNWSLNPPSGLMOSEAELSDNTRSNGHDMQGAASEGSGSGSGAVACGASMEYQIN

MEBEI-] == e e e e e e e e e e e e s e ————
INGECT-2 o o e e e e e e e B

343 250 360 375
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L B e e e e
MSOCT-2 === m e ——————

Section 4

BTGl R2-MYB S5 H I8, S (03753 K R3-MYB G5 H38 , ms6 2140 J5HE P Ry 565 76 13 5 HEMR i 7 2202 (Leu ) 2878 20 %R (His )
ms6er-1 2L AT HERN J 55 61 RIS FERR KR A2 A ms6er-2 21 (HE T NS 60 RS SR R A2 4k
The yellow part is R2-MYB domain, the green part is R3-MYB domain, the 76th amino acid in the red box of ms6 changes from leucine (Leu) to

histidine (His), the 61st amino acid in the red box of ms6cr-1 changes, and the 60th amino acid in the red box of ms6cr-2 changes

Es5 FFERMRET

BERAFIIXLER

Fig.5 Comparison of wild type and mutant protein sequences
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